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© Device for optical heterodyne detection of an optical signal beam and optical transmission system 
provided with such a device. 



© In an optical heterodyne detector the local os- 
cillator unit (20) emits a circularly polarised radiation 
beam. This beam is mixed in the beam-combining 
element (40) with the ellipticaliy polarised signal 
beam from the transmission fibre (10). By arranging 
a spun optical fibre (30) between the local oscillator 
unit (20) and the beam-combining element (40), a 
great flexibility is achieved in the construction pos- 
sibilities of the detection device. i 
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Device for optical heterodyne detection of an optical signal beam and optical transmission system 

provided with such a device. 



The invention relates to a device for optica! 
heterodyne detection of an optical signal beam, 
comprising a local oscillator unit emitting a cir- 
cularly polarised local oscillator beam, a beam- 
combining element for combining the signal beam 
with the local oscillator beam, a polarisation-sen- 
sitive beam splitter for splitting the combined beam 
into two linearly and orthogonally polarised compo- 
nents, and two opto-electric converters which are 
arranged in the radiation paths of the two linearly 
polarised components, respectively. 

The invention also relates to an optical trans- 
mission system provided with such a device. 

A device of this type is known from "Patents 
Abstracts of Japan", Vol. 8, No. 243, pjo 107E277, 
Kokai No. 59-122.140. 

As compared with direct detection of a signal 
beam, heterodyne detection provides considerable 
advantages relating to the signal-to-noise ratio and 
the discrimination of background radiation. The 
principle of heterodyne detection of optical radi- 
ation has been described extensively in the Article 
"Optical Heterodyne Detection" by O.E. DeLange 
in the journal "IEEE Spectrum" of October 1968, 
pp 77-85. As is stated in this Article it is important 
that the states of polarisation of the modulated 
signal beam and of the local oscillator beam cor- 
respond as much as possible. To achieve this, a 
polarisation control is necessary, because optical 
transmission systems use optical waveguides or 
optical fibres which have a disturbing influence on 
the state of polarisation of the radiation propagating 
therein. These fibres, which may be several dozen 
to several hundred kilometres long, are subjected 
to uncontrollable external influences such as tem- 
perature and pressure variations so that the distur- 
bance of the state of polarisation may vary in time. 
A signal beam linearly polarised at the input of the 
transmission fibre will generally be distorted at the 
.output to an elliptically polarised beam whose ellip- 
ticity and direction of the major axis vary in time. 

By using a circularly polarised local oscillator 
beam instead of a linearly polarised one in a so- 
called heterodyne "diversity" detection device, a 
heterodyne detection device can be realised in 
which the state of polarisation of the local oscillator 
beam is not dynamically controlled and in which 
nevertheless the signal intensity and the signal-to- 
noise ratio vary to a slight extent only. For an 
optimum detection the state of polarisation of the 
circularly polarised local oscillator beam should be 
at least substantially maintained during the trans- 
mission to the beam combining element, or else 
the quality of the ultimate output signal will be 



degraded. This requirement leads to a restriction in 
the number of possible constructions of such a 
detection device, because the trajectory followed 
and external influences disturb the state of 
5 polarisation in the conventionally used optical fi- 
bres. 

It is an object of the invention to provide a 
device for optical heterodyne detection of an op- 
tical signal beam in which the quality of the output 

70 signal cannot be substantially influenced, because 
disturbances of the local oscillator beam are re- 
stricted to a minimum for a large number of possi- 
ble constructions of the detection device. 

To this end the device according to the inven- 

75 tion is characterized in that an optical fibre which is 
substantially isotropic with respect to the state of 
polarisation is arranged in the radiation path be- 
tween the local oscillator unit and the beam-com- 
bining element. Since such a fibre does not have 

20 any intrinsic properties affecting the state of 
polarisation, a great flexibility in the construction of 
the optical heterodyne detection device is possible. 

The spun fibres described by A.J. Barlow et al. 
in the Article "Birefringence and polarization mode- 

25 dispersion in spun single-mode fibres" in Applied 
Optics, Vol 20, No. 17, p£. 2962-2968, 1 Septem- 
ber .1981, are fibres which are substantially iso- 
tropic with respect to the state of polarisation. 
These spun fibres exert considerably less intrinsic 

30 influence on the state of polarisation as a function 
of temperature and wavelength than the conven- 
tional mono-mode optical fibres. 

An embodiment of the device according to the 
invention is characterized in that the beam-corn bin- 

35 ing element is a directional fibre-optic coupler. With 
this element a combination of the signal beam and 
of the local oscillator beam can be established 
without coupling losses at the entrance and exit 
faces of the coupler. 

40 A device according to the invention .may be 

further characterized in that polarisation-sensitive 
beam splitters are arranged in the radiation paths 
of radiation emerging from two outputs of a beam- 
combining element, in that an opto-eletric converter 

45 is arranged in each of the radiation paths of the 
beam components emerging from the polarisation- 
sensitive beam splitters, and in that the outputs of 
the converters in the radiation paths of equally 
polarised components are connected to inputs of 

so one and the same differential amplifier. By using 
balanced detection, substantially all radiation enter- 
ing the beam-combining element is ultimately de- 
tected. The beam-combining element is preferably 
formed in such a manner that radiation from each 
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of the two inputs is equally distributed over the two 
outputs. 

The invention also relates to an optical trans- 
mission system comprising a radiation source unit 
for generating a linearly polarised signal beam 
modulated with an information signal, an optical 
transmission fibre transmitting the signal beam and 
a detection device reducing the carrier frequency 
of the signal beam. The optical transmission sys- 
tem according to the invention is characterized in 
that the detection device is a device for optical 
heterodyne detection of a signal beam in accor- 
dance with any one of the above-mentioned em- 
bodiments. The radiation source unit comprises, for 
example, a semiconductor laser making it possible 
to generate a frequency-modulated signal beam by 
modulating the current passed therethrough. Alter- 
natively, the radiation source unit may comprise a 
separate modulator for phase-or frequency-modula- 
tion of the signal beam. 

The invention will now be described in greater 
detail by way of example with reference to the 
accompanying drawings, in which 

Figure 1 shows diagrammatically an embodi- 
ment of an optical heterodyne detection device 
according to the invention, 

Figure 2 shows diagrammatically a further 
embodiment using balanced detection and. 

Figure 3 shows diagrammatically an optical 
transmission system according to the invention. 

In Figure 1 the reference numeral 10 denotes 
the end of a long-distance optical transmission 
fibre. A local oscillator unit 20 generates a cir- 
cularly polarised local oscillator beam. The local 
oscillator unit 20 is. for example, a semiconductor 
laser with a subsequent x/4-plate placed in a diag- 
onal position or with a subsequent linearly birefrin- 
gent optical fibre of suitable length. The circularly 
polarised optical radiation originating from the local 
oscillator unit 20 is passed through the fibre 30 to 
one of the two inputs of the beam-combining ele- 
ment 40. The other input of this element receives 
the signal beam from the long-distance transmis- 
sion fibre 10. Due to influences acting on the long- 
distance transmission fibre, such as temperature 
and voltage variations, the state of polarisation of 
the radiation beam transmitted by the fibre, which 
beam is linear at the input, is affected so that the 
beam transmitted will be generally elliptically 
polarised at the output of the fibre, the ellipticity 
and the direction of the major axis varying in time. 
In Figure 1 a possible state of polarisation is shown 
diagrammatically at "A". 

According to the invention the fibre 30 is a 
spun fibre or another optical fibre which is substan- 
tially isotropic with respect to the state of polarisa- 
tion. In Figure 1 the state of polarisation of the 
radiation emerging from the fibre is shown dia- 



grammatically at "B". A great extent of flexibility in 
the construction of the detection device is obtained 
by using such a fibre. 

Element 40 may be, for example a semi-trans- 

5 parent mirror. However, in order to prevent signal 
loss as much as possible, element 40 is preferably 
asymmetric, that is to say, the combined radiation 
beam in the output 41 comprises a large portion of 
the signal radiation and only a small fraction of the 

70 local oscillator radiation. In the drawing, element 40 
is shown as a directional fibre-optic coupler, but 
this element may be alternatively, for example a 
partially-transparent mirror. The composite beam 
. emerging from the element 40 is subsequently split 

75 in a polarisation-sensitive beam splitter 50, for ex- 
ample a Wollaston-prism, into two linearly and or- 
thogonally polarised components. Each of the two 
components is separately detected in one of the 
opto-electric converters 61 and 62, for example, 

20 radiation-sensitive diodes. The output signals of the 
converters are added to the detection circuit 70 in 
which these signals, if necessary after a phase 
correction, are added to the final signal 71. 

Figure 2 shows an alternative possibility of 

25 detecting the composite beam. In this case the 
radiation from the two outputs of the coupler is 
used. As in Figure 1, the reference numeral 10 in 
Figure 2 denotes the end of an optical fibre through 
which a signal beam is transmitted, the reference 

30 numeral 20 denotes a local oscillator unit, the refer- 
ence numeral 30 denotes the spun fibre and the 
reference numeral 40 denotes a beam-combining 
element. The radiation originating from the signal 
beam and from the local oscillator is preferably 

35 distributed equally over the two outputs 42 and 43 
of the coupler. The beam emerging from each of 
the two outputs is added to one of two polarisation- 
sensitive beam splitters 51 and 52. respectively, 
each splitting the incoming beam into two linearly 

40 and orthogonally polarised components which are 
detected in the opto-electric converters 61 , 62 and 
63, 64, respectively. The converters 61 and 63 
detecting, for example the horizontally polarised 
components add their output signals to the dif- 

45 ferential amplifier 65. The outputs of the converters 
62 and 64 detecting the vertically polarised compo- 
nents are connected to the inputs of the differential 
amplifier 66. Since the beams from the two outputs 
42 and 43 of the element 40 have opposite phases, 

so the AOcomponents are added together in the dif- 
ferential amplifiers 65 and 66. whereas the DC- 
components of output signals of the converters are 
cancelled. The output signals of the differential 
amplifiers 65 and 66 are added to the circuit 70 

55 which supplies the final signal 71 . 

Figure 3 shows an optical transmission system 
in which the invention is used. A radiation source 
unit 80 comprises a radiation source 81 , for exam- 
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pie, a semiconductor laser which emits radiation 
which is modulated in the electro-optic modulator 
82 with the information signal S. Alternatively, the 
radiation source unit may comprise only a semi- 
conductor laser which emits a signal beam whose 
frequency is modulated by changing the current 
passed through the laser. The optical signal is 
transmitted through the long-distance transmission 
fibre 83 to one of two inputs of the optic coupler 
84. The other input of the coupler 84 is connected 
to the output of a local oscillator unit via a spun 
fibre 86. In the manner as described with reference 
to Figures 1 and 2 the radiation from one or from 
both outputs of the coupler is split into horizontally 
and vertically polarised components by the 
polarisation-sensitive beam splitter 87. Each of the 
components is detected by one of the opto-electric 
converters 88 and 89. From the output signals 
thereof, the output signal S' is determined in the 
circuit 90. 



ing the carrier frequency of the signal beam, char- 
acterized in that the detection device is a device 
for optical heterodyne detection of a signal beam 
as claimed in any one of the preceding Claims. 

5 
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Claims 

1. A device for optical heterodyne detection of 25 
an optical signal beam, comprising a local oscillator 

unit emitting a circularly polarised local oscillator 
beam, a beam-combining element for combining 
the signal beam with the local oscillator beam, a 
polarisation-sensitive beam splitter for splitting the 30 
combined beam into two linearly and orthogonally 
polarised components, and two opto-electric con- 
verters which are arranged in the radiation paths of 
the two linearly polarised components, respective- 
ly, characterized in that an optical fibre which is 35 
substantially isotropic with respect to the state of 
polarisation is arranged in the radiation path be- 
tween the local oscillator unit and the beam-com- 
bining element. 

2. A device as claimed in Claim 1, character- 40 
ized in that the beam-combining element is a direc- 
tional fibre-optic coupler. 

3. A device as claimed in Claim 1 or 2, char- 
acterized in that polarisation-sensitive beam split- 
ters are arranged in the radiation paths of radiation 45 
emerging from two outputs of a beam-combining 
element, in that an opto-eletric converter is ar- 
ranged in each of the radiation paths of the beam 
components emerging from the polarisation-sen- 
sitive beam splitters, and in that the outputs of the so 
converters in the radiation paths of equally polaris- 
ed components are connected to inputs of one and 

the same differential amplifier. 

4. An optical transmission system comprising a 
radiation source unit for generating a linearly 55 
polarised signal beam modulated with an informa- 
tion signal, an optical transmission fibre transmit- 
ting the signal beam and a detection device reduc- 
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